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Process for increasing the molecular weight of polvcondensates 

This is a continuation-in-part of application Serial No. 09/125,178, filed August 12, 1998. 

The invention relates to a process for increasing the molecular weight and/or viscosity of 
polycondensates which remain thermoformable after the process. 

Polycondensates, such as polyamides, polyesters and polycarbonates, are important 
engineering plastics with a wide variety of potential uses, for example in the form of films, 
bottles, fibres and injection mouldings. It is common to these polymers that they are 
prepared by polycondensation reactions. 

Damage to such polycondensates through processing and use leads, owing to chain clea- 
vage, to polymer fragments containing functional end groups. 

The mechanical and physical properties of polymers are crucially dependent on the molecu- 
lar weight of the polymer. High-grade recycling of used polyesters, polyamides and polycar- 
bonates from production wastes, for example from fibre production and injection moulding, 
is only possible to a restricted extent without aftertreatment, owing to the reduced molecular 
weight. For certain applications there is also a demand for high molecular mass virgin poly- 
condensates, the synthesis of which is difficult. 

Increasing the molecular weight of polycondensates such as polyamides or polyesters, for 
example, is known in principle. One possibility, for example, is post-condensation in the so- 
lid state ("solid state polycondensation") as is described in "Ullmann's Encyclopedia of Indu- 
strial Chemistry Vol. A 21, 5th Edition", page 188 [polyamides] and page 236 [polyesters] 
(1992) and is also practised industrially. An alternative method is the build-up of molecular 
weight by means of reactive additives, such as epoxides, tetracarboxylic dianhydrides, di- 
isocyanates, bisoxazolines or dicarboxylic bisimides, which is referred to in general as chain 
extension and is disclosed, for example, in EP-A-0 074 337. 

EP-A-0 604 367 discloses a process for increasing the molecular weight of polyamides 
which comprises heating a polyamide, with the addition of a polyfunctional epoxy resin and 
of a sterically hindered hydroxyphenyl-alkyl-phosphonic ester or monoester, at above the 
melting point or glass transition point of the polyamide. 



us 5,496,920 likewise discloses a process for increasing the molecular weight of poly- 
amides, which comprises heating a polyamide, with the addition of a bismaleimide and of a 
sterically hindered hydroxyphenyl-alkyl-phosphonic ester or monoester, at above the melting 
point and/or glass transition point of the polyamide. 

The use of reactive additives, for example epoxides, for building up the molecular weight of 
polycondensates has the disadvantage that relatively long reaction times are quite often 
necessary. Under such conditions, it is not possible to rule out follow-on reactions, such as 
discoloration, increased oxidation or uncontrolled crosslinking of the polycondensate, for 
example. Moreover, commercially available epoxides are often liquid products, especially if a 
high content of functional groups is necessary, whose addition to the polycondensate 
employed causes difficulties. 

The object of the present invention, therefore, was to provide a system for building up the 
molecular weight of polycondensates which is highly effective in a relatively short reaction 
time and which lacks the disadvantages set out above. 

WO-A-90/00574 discloses the preparation of polyiminocarbonates starting from bisphenols 
and dicyanates. 

JP-A-04 202 316 discloses a resin composition comprising two polyesters with different 
glass transition temperatures and a polycyanate. This resin composition is suitable, in con- 
tact with sheet steel, for reducing the vibration of the sheet steel ("damping sheet steel") in a 
relatively large temperature range, and can also be used as a bonding coat between two 
steel sheets. In that publication there is no indication that polycyanates are suitable for in- 
ducing an increase in the molecular weight of the polyester in the melt. 

It has now surprisingly been found that aromatic dicyanates are suitable for increasing the 
molecular weight and/or viscosity of virgin polycondensate or polycondensate recyclate (i.e. 
recycled polycondensate) or of a mixture thereof. 

The present invention therefore provides a process for increasing the molecular weight 
and/or viscosity of polycondensates which remain thermoformable after the process, which 
comprises heating a polycondensate, with addition of at least one aromatic dicyanate, at 
above the melting point or glass transition point of the polycondensate. 



A thermoformable polymer is a polymer which is neither crosslinked nor cured in the manner 
of a thermoset resin. The build-up of molecular weight according to the present invention is 
referred to in general as chain extension and is disclosed, for example, in EP-A-0 074 337. 

The invention also provides a process for increasing the molecular weight and/or viscosity of 
polycondensates which remain thermoformable after the process, which comprises heating a 
polycondensate, with the addition of at least one aromatic dicyanate and at least one poly- 
functional compound selected from the group consisting of the sterically hindered hydroxy- 
phenyl-alkyl-phosphonic esters and monoesters, diphosphonites or secondary aromatic 
amines, at above the melting point or glass transition point of the polycondensate. 

The present invention also provides a process for increasing the molecular weight and/or 
viscosity of polycondensates which remain thermoformable after the process, which com- 
prises heating a polycondensate, with the addition (i) of at least one aromatic dicyanate; (ii) 
of at least one polyfunctional compound selected from the group consisting of the sterically 
hindered hydroxyphenyl-alkyl-phosphonic esters and monoesters, diphosphonites or secon- 
dary aromatic amines; and (iii) of a difunctional epoxide, at above the melting point or glass 
transition point of the polycondensate. 

The increase in molecular weight brings about improvement in the properties of the polycon- 
densates, which becomes evident, for example, in the injection-moulding sector, in the ex- 
trusion sector and, in particular, in connection with recyclates. With the aid of the novel pro- 
cess it is possible, in particular, to achieve an increase in molecular weight in polycondensate 
recyclates from production wastes, as are obtained, for example, during the manufacture of 
fibres, or from the collection of used industrial components, for example from automotive and 
electrical applications. This allows recyclates to be passed on for high-grade re-use, for 
example as high-performance fibres, injection mouldings, extrusion applications or foams. 
Such recyclates also originate, for example, from industrial or domestic collections of re- 
cyclable materials, from production waste, for example from fibre production and trimmings, or 
from obligatory takeback schemes, for example collections of PET drinks bottles. 

A preferred polycondensate is a polycondensate recyclate. 

The novel process is of particular interest if the polycondensate is a polyamide, a polyester, 
a polycarbonate or a copolymer of these polymers. 



In addition to polyester, polyamtde or polycarbonate, the present invention also embraces 
the corresponding copolymers and blends, for example PBT/PS, PBT/ASA, PBT/ABS, 
PBT/PC, PET/ABS, PET/PC, PBT/PET/PC, PBT/PET, PA/PP, PA/PE and PA/ABS. How- 
ever, in this context it must be borne in mind that the novel process, like all methods which 
permit substitution reactions, for example transesterification or transamidation, between the 
blend components, may result in the blend being influenced, i.e. may lead to the formation 
of copolymeric structures. 

Of particular interest is a process wherein the polycondensate is a PBT/PC blend or a blend 
comprising predominantly PBT/PC or a corresponding recyclate or a blend of a recyclate 
and a virgin polymer component. 

The term polyamides, i.e. both virgin polyamides and polyamide recyclates, refers to alipha- 
tic and aromatic polyamides or copolyamides derived from diamines and dlcarboxylic acids 
and/or from aminocarboxylic acids or their corresponding lactams. Examples of suitable po- 
lyamides are PA 6. PA 11, PA 12, PA 46, PA 6.6, PA 6.9, PA 6.10 or PA 6.12, PA 10.12, 
PA 12.12 and also amorphous polyamides of the types Trogamid PA 6-3-T and Grilamid TR 
55. Polyamides of the type mentioned are generally known and are obtainable commercial- 
ly. 

As polyamides use is preferably made of crystalline or partly crystalline polyamides, and es- 
pecially PA 6 or PA 6.6 or mixtures thereof, and also of recyclates based on them, or copo- 
lymers thereof. 

The polyester, i.e. both virgin polyester and polyester recyclate, can comprise homopoly- 
esters or copolyesters which are composed of aliphatic, cycloaliphatic or aromatic dlcar- 
boxylic acids and diols or hydroxycarboxyiic acids. 

The aliphatic dlcarboxylic acids can contain 2 to 40 carbon atoms, the cycloaliphatic dicar- 
boxylic acids 6 to 10 carbon atoms, the aromatic dlcarboxylic acids 8 to 14 carbon atoms, 
the aliphatic hydroxycarboxyiic acids 2 to 12 carbon atoms, and the aromatic and cycloali- 
phatic hydroxycarboxyiic acids 7 to 14 carbon atoms. 



The aliphatic diofs can contain 2 to 12 carbon atoms, the cycloaliphatic diols 5 to 8 carbon 
atoms, and the aromatic diols 6 to 1 6 carbon atoms. 

The diols referred to as aromatic are those in which two hydroxyl groups are attached to 
one or to different aromatic hydrocarbon radicals. 

It is additionally possible for the polyesters to be branched with small amounts, for example, 
from 0.1 to 3 mol%, based on the dicarboxylic acids present, of more than difunctional mo- 
nomers (e.g. pentaerythritol, trimellitic acid, 1,3,5-tri(hydroxyphenyl)benzene, 2,4-dihydroxy- 
benzoic acid or 2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)propane). 

In the case of polyesters consisting of at least 2 monomers, these can be distributed ran- 
domly, or the polymers can be block copolymers. 

Suitable dicarboxylic acids are linear and branched saturated aliphatic dicarboxylic acids, 
aromatic dicarboxylic acids and cycloaliphatic dicarboxylic acids. 

Suitable aliphatic dicarboxylic acids are those with 2 to 40 carbon atoms, examples being 
oxalic, malonic, dimethylmalonic, succinic, pimelic, adlpic, trimethyladipic, sebacic and aze- 
lalc acids and dimer acids (dimerization products of unsaturated aliphatic carboxylic acids 
such as oleic acid), and alkylated malonic and succinic acids, such as octadecylsuccinlc 
acid. 

Suitable cycloaliphatic dicarboxylic acids are 1 .S-cyclobutanedicarboxylic acid, 1 ,3-cyclo- 
pentanedlcarboxylic acid, 1 ,3- and 1 ,4-cyclohexanedicarboxylic acid, 1 ,3- and 1 ,4-di(carbo- 
xylmethyl)cydohexane and 4,4'-dicyclohexyldicarboxylic acid. 

Particularly suitable aromatic dicarboxylic acids are terephthalic acid, isophthallc acid, 
o-phthalic acid, and 1 ,3-, 1 ,4-, 2,6- or 2,7-naphthalenedicarboxylic acid, 4,4'-diphenyldicar- 
boxyiic acid, 4,4'-diphenyl suifone dicarboxylic acid, 4,4'-benzophenonedlcarboxylic acid, 
1 ,1 ,3-trimethyl-5-carboxyl-3-<p-carboxyphenyl)indane, 4,4'-diphenyl ether dicarboxylic acid, 
bls-(p-carboxyphenyl)methane or bis-(p-carboxyphenyl)ethane. 



Preference is given to the aromatic dicarboxylic acids, especially terephthalic acid, isophtha- 
lic acid and 2,6-naphthalenedicarboxylic acid. 

Other suitable dicarboxylic acids are those containing -CO-NH- groups; they are described 
In DE-A-2 414 349. Also suitable are dicarboxylic acids containing N-heterocyclic rings, for 
example those which are derived from carboxyalkylated, carboxyphenylated or carboxy- 
benzylated monoamine-s-triazinedicarboxylic acids (of. DE-A-2 121 184 and 2 533 675), 
from mono- or bishydantoins, from unsubstituted or halogenated benzimidazoles, or from 
parabanic acid. The carboxyalkyi groups in these compounds can contain 3 to 20 carbon 
atoms. 

Suitable aliphatic diols are the linear and branched aliphatic glycols, especially those having 
2 to 12, in particular 2 to 6, carbon atoms in the molecule, for example ethylene glycol, 1 ,2- 
and 1 ,3-propyiene glycol, 1,2-, 1,3-, 2,3- or 1,4-butanediol, pentylglycol, neopentylglycol, 
1,6-hexanediol and 1,12-dodecanediol. An example of a suitable cycloaliphatic diol is 1,4- 
dihydroxycyclohexane. Examples of further suitable aliphatic diols are 1 ,4-bis(hydroxy- 
methyl)cyclohexane, aromatic-aliphatic diols, such as p-xylylene glycol or 2,5-dichloro-p- 
xylylene glycol, 2,2-bis(P-hydroxyethoxyphenyl)propane, and also polyoxyalkylene glycols, 
such as diethylene glycol, triethylene glycol, polyethylene glycol or polypropylene glycol. 
The alkylenediols are preferably linear and, in particular, contain 2 to 4 carbon atoms. 

Preferred diols are the alkylenediols, 1 ,4-dihydroxycyclohexane, and 1 ,4-bis(hydroxy- 
methyl}cyclohexane. Particular preference is given to ethylene glycol, 1 ,4-butanediols and 
1,2- and 1 ,3-propylene glycol. 

Further suitable aliphatic diols are the ^hydroxyalkylated, especially p-hydroxyethylated, 
bisphenols, such as 2,2-bis[4*-0-hydroxyethoxy)phenyl]propane. Further bisphenols are 
mentioned later. 

A further group of suitable aliphatic diols are the heterocyclic diols described in 

DE-A 1 812 003, 2 342 432, 2 342 372 and 2 453 326. Examples are N,N'-bisO-hydroxy- 

ethyl)-5,5-dimethylhydantoin, N,N'-bis(P-hydroxypropyl)-5,5-dimethylhydantoin, methylene 
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bis[N-{p-hydroxyethyl)-5-methyl-5-ethylhydantoin], methylene bis[N-(P-hydroxyethyl)-5,5- 
dimethyl-hydantoin], N,N'-bis(|3-hydroxyethyl)benzimidazolone, N,N"-bis{p-hydroxyethyl)- 
(tetrachloro)-benzimidazolone, or N,N'-bis<p-hydroxyethyl)(tetrabromo)benzimidazolone. 

Suitable aromatic diols are monocyclic diphenols and especially bicyclic diphenols carrying 
a hydroxyl group on each aromatic ring. The term aromatic is preferably taken to mean 
hydrocarbon-aromatic radicals, for example phenylene or naphthylene. Besides, for 
example, hydroquinone, resorclnol and 1 ,5-, 2,6- and 2,7-dihydroxynaphthalene, particular 
mention should be made of the bisphenols which can be described by the following 
formulae: 
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HO, 




.OH 



The hydroxyl groups can be in the m-position, but in particular In the p-position; R' and R" in 
these formulae can be alkyi of 1 to 6 carbon atoms, halogen such as chlorine or bromine, 
and especially hydrogen atoms. A can be a direct bond, or oxygen, sulfur, -SO-, -SO2-. 

^C=0 , -P(0)(Ci-C2oalkyl)-. substituted or unsubstltuted alkylidene, cycloalkylidene or 



Examples of unsubstituted or substituted alkylidene are ethylidene, 1 ,1- or 2,2-propylidene, 
2,2-butylidene, 1,1-isobutylidene, pentylidene, hexylidene. heptylidene, octylidene, dichloro- 
ethylidene and trichloroethylidene. 

Examples of substituted or unsubstituted alkylene are methylene, ethylene, phenylmethy- 
lene, diphenylmethylene and methylphenylmethylene. Examples of cycloalkylidene are cyc- 
lopentylidene, cyclohexylidene, cycloheptylidene and cyclooctylidene. 

Examples of bisphenols are bis(p-hydroxyphenyl) ether or thioether, bis(p-hydroxyphenyl) 
sulfone, bis(p-hydroxyphenyl)methane, bis(4-hydroxyphenyl)-2,2'-biphenyl, phenylhydro- 



bis(p-hydroxyphenyl)methane, diphenylbis(p-hydroxyphenyl)ethane, bis(3,5-dimethyl-4- 
hydroxyphenyl) sulfone, bls(3,5-dimethyl-4-hydroxyphenyl)-p-diisopropylbenzene, bis(3,5- 
dimethyl-4-hydroxyphenyl)-m-diisopropylbenzene, 2,2-bis(3',5'-dimethyl-4'-hydroxyphenyl)- 
propane, 1,1- or 2,2-bis(p-hydroxyphenyl)butane, 2,2-bls(p-hydroxyphenyl)hexafluoropro- 
pane, 1,1-dichloro- or 1,1,1 -trichloro-2,2-bis(p-hydroxyphenyl)ethane, 1,1-bis(p-hydroxyphe- 
nyOcyclopentane and, especially, 2.2-bis(p-hydroxyphenyl)propane (bisphenol A) and 1,1- 
bis(p-hydroxyphenyOcyclohexane (bisphenol C). 



3 



alkylene. 
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quinone, 1 ,2-bis(p-hydroxyphenyl)ethane, 1-phenylbis(p-hydroxyphenyl)methane, diphenyl- 



Examples of suitable polyesters of hydroxycarboxylic acids are polycaprolactone, polypiva- 
lolactone or the polyesters of 4-hydroxycyclohexanecarboxylic acid or 4-hydroxybenzoic 
acid. 

Also suitable are polymers which contains predominantly ester linkages, but which can also 
contain other linkages, such as, for example polyesteramides or polyesterimides. 

Polyesters with aromatic dicarboxylic acids have acquired the greatest importance, espe- 
cially the polyalkylene terephthalates. Preference is therefore given to novel moulding com- 
positions in which the polyester is built up from at least 30 mol%, preferably at least 40 
mol%, of aromatic dicarboxylic acids, and at least 30 mol%. preferably at least 40 mot%, of 
aikylenediols having preferably 2 to 12 carbon atoms, based on the polyester. 

In particular in this case the alkylenediol is linear and contains 2 to 6 carbon atoms, for 
example ethylene or tri-, tetra- or hexamethylene glycol, and the aromatic dicarboxylic acid 
is terephthalic and/or isophthalic acid. 

The novel process is likewise of particular interest if the polycondensate is a polyester. 

Particularly suitable polyesters are PET, PBT or PEN (polyethylene naphthylate) and cor- 
responding copolymers, especial preference being given to PET and its copolymers. The 
process also acquires particular importance in connection with PET recyclates, which are 
obtained, for example, from bottle collections, for example from collections by the drinks 
industry. These materials consist, preferably, of terephthalic acid, 2,6-naphthalene-dicarbo- 
xylic acid and/or isophtiialic acid in combination with ethylene glycol and/or 1 ,4-bis(hydroxy- 
methyl)cyclohexane. 

The term polycarbonate (PC) refers both to virgin polycarbonate and to polycarbonate re- 
cyclate. PC is obtained, for example, from bisphenol A and phosgene or a phosgene ana- 
logue, such as trichloromethyl chloroformate, triphosgene or diphenylcarbonate, by conden- 
sation, in the latter case generally with addition of a suitable transesterification catalyst, for 
example a borohydride, an amine, such as 2-methylimidazole, or a quaternary ammonium 
salt; besides bisphenol A, other bisphenol components can additionally be used, and mo- 
nomers which are halogenated in the benzene ring can also be employed. Particularly sui- 
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table bisphenol components which may be mentioned are 2,2-bis(4'-hydroxyphenyl)propane 
(bisphenol A), 2,4'-dihydroxydiphenylmethane, bis(2-hydroxypheny!)methane, bis(4-hy- 
droxyphenyl)methane, bis(4-hydroxy-5-propylphenyl)-methane, 1 ,1-bis(4'-hydroxyphenyl)- 
ethane. bis(4-hydroxyphenyl)cyclohexylmethane. 2,2-bis(4'-hydroxyphenyl)-1 -phenylpro- 
pane, 2,2-bis(3',5'-dimethyl-4'-hydroxyphenyl)propane, 2,2-bis(3',5'-dlbromo-4'-hydroxyphe- 
nyOpropane, 2,2-bis(3',5'-dichloro-4'-hydroxyphenyl)-propane, 1 ,1-bis(4'-hydroxyphenyi)- 
cyclododecane, 1 ,1-bis(3',5'-dimethyl-4'-hydroxyphenyl)-cyclododecane, 1 ,1-bls(4'-hydroxy- 
phenyl)-3,3,5-trimethylcyclohexane, 1 , 1 -bis(4'-hydroxy-phenyl)-3,3,5,5-tetramethylcyclo- 
hexane, 1,1-bis{4'-hydroxyphenyl)-3,3,5-trimethylcyclo-pentane and the other bisphenots 
indicated further above. Furthennore, the polycarbonates may also be branched as a result 
of appropriate amounts of monomers having a functionality of more than two (examples as 
given further above for the polyesters). 

The novel process is also of particular interest if the polycondensate is a polycarbonate. 

The polycondensate copolymers or blends which can be used in the novel process are pre- 
pared In a conventional manner from the starting polymers. The polyester component is 
preferably PBT and the PC component is preferably a PC based on bisphenol A. The poly- 
estenPC ratio is preferably from 95:5 to 5:95, particular preference being given to a ratio In 
which one component makes up at least 75%. 

The invention acquires particular importance in connection with polycondensate recyclates 
as obtained from production waste, collections of recyclable material, or as a result of obli- 
gatory takeback schemes, for example in the automotive industry, in the electrical sector, 
compact discs or twin-wall sheets. The polycondensate recyclates have suffered thermal 
and/or hydrolytic damage In a variety of ways. Moreover, these recyclates may also include 
minor amounts of admixed plastics having a different structure, for example polyolefins, po- 
lyurethanes, ABS or PVC. Furthermore, these recyclates can also include customary impu- 
rities, for example residues of dyes, adhesives, contact media or paints, traces of metal, 
traces of water, traces of service fluids, or inorganic salts. 

Aromatic dicyanates in the context of this invention are known, for example, from 
US-3 491 060 and are, preferably, compounds of the formula I 




in which 



X is a direct bond, oxygen, sulfur, -SO-, -SO2-. 





'to 



, Ca-Cisalkylene, Ca-Ciaalkenylene or N— 



Ri. R2. R3 and FU independently of one another are hydrogen, Ci-CasalkyI, Cs-CiacycloalkyI, 
unsubstituted or Ci-C4alkyl-substituted phenyl; QrCgphenylalkyl, hydroxyl, Ci-C2salkoxy or 
-O-CN, with the proviso that at least one of the radicals Ri, R2, R3 and R4 is -O-CN, 
Rs. Re. R7 and Rs independently of one another are hydrogen, Ci-CasalkyI, Cs-CiacycloalkyI, 
or unsubstituted or Ci-C4alkyl-substituted phenyl; Cr-Csphenylalkyl, hydroxyl, Ci-C25alkoxy 
-O-CN, with the proviso that at least one of the radicals R5, Re, Ryand Ra is -O-CN, 
Rg and Rio independently of one another are hydrogen, Ci-CizalkyI, trifluoromethyl or 
phenyl, or Rg and Rto. together with the carbon atom to which they are attached, form a 
Cs-Cscycloalkylidene ring which is unsubstituted or is substituted by 1 to 3 Ci-C4alkyls; and 
R11 is hydrogen or Ci-Cizalkyl. 

Cz-Ciealkylene is a branched or unbranched radical such as, for example, ethylene, propy- 
lene, trimethylene, tetramethylene, pentamethylene, hexamethylene, heptamethylene. octa- 
methylene, decamethylene, dodecamethylene or octadecamethylene. Preference is given 
to Ca-Cizalkylene, especially Cz-Caalkylene, for example C2-C4alkylene. 

Ct-Ciaalkenylene is a branched or unbranched radical having one or more C-C double 
bonds, such as, for example, vinylene, methylvinylene, octenylethylene or dodecenylethy- 



lene. Preference is given to Ca-Czalkenylene, especially Cz-Csalkenylene, for example 
C2-C4alkenylene. 

AlkyI having up to 25 carbon atoms is a branched or unbranched radical such as, for 
example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl. 
n-pentyl, isopentyl, 1 -methylpentyl, 1 ,3-dimethylbutyl, n-hexyl, 1-methylhexyl, n-heptyl, iso- 
heptyl. 1,1,3,3-tetramethylbutyl. 1 -methylheptyl, 3-methylheptyl, n-octyl, 2-ethylhexyl, 1,1,3- 
trimethylhexyl, 1,1,3,3-tetramethylpentyl, nonyl. decyl, undecyl, 1-methylundecyl, dodecyl, 
1,1.3,3,5,5-hexamethylhexyl. tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octa- 
decyi, eicosyl or docosyl. One of the preferred definitions of Ri, R2, R4. R5. Re, R7 and Ra is, 
for example, Ci-Ciaalkyl. especially Ci-CizalkyI, e.g. Ci-Caalkyl. A preferred definition of R9 
and R,o is, for example. Ci-Csalkyl. especially Ci-C4alkyl, e.g. methyl. A particularly pre- 
ferred definition of Rn is, for example, d-Caalkyl, especially CrC4alkyl, e.g. methyl, ethyl, n- 
propyl or n-butyl. 

C5-Ci2cycloalkyl is, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl 
or cyclododecyl. A preferred definition of Ri, R2, R3, R4. R5. Re. R? and Re is, for example, 
Cs-Cscycloalkyl, especially Cs-CTcycloalkyl, e.g. cyclohexyl. 

Ci-C+alkyi-substituted phenyl, which preferably contains 1 to 3, especially 1 or 2 alkyi 
groups, is, for example, o-, m- or p-methylphenyl, 2,3-dtmethylphenyl, 2,4-dimethylphenyl, 
2.5-dimethylphenyl, 2,6-dimethylpheny!, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-methyl- 
6-ethylphenyl, 4-tert-butylphenyl or 2-ethylphenyl, 2.6-diethylphenyl. 

CT-CgphenylalkyI is, for example, benzyl, a-methylbenzyl or a,a-dimethylbenzyl. Benzyl is 
preferred. 

Alkoxy having up to 25 carbon atoms is a branched or unbranched radical such as, for 
example, methoxy, ethoxy, propoxy, isopropoxy, n-butoxy. isobutoxy, pentoxy, isopentoxy, 
hexytoxy, heptyloxy, octyloxy, decyloxy. tetradecyloxy, hexadecyloxy or octadecyloxy. A 
preferred definition of Ri, R2. R3. R4. R5. Re. R7 and Rs is. for example. C-Csalkoxy, espe- 
cially CrCi2alkoxy, e.g. Ci-Cgalkoxy. Methoxy is particularly preferred. 



A Ci-C4alkyl-substitutod Cs-Cocycloalkylidene ring, which preferably contains 1 to 3, espe- 
cially 1 or 2 branched or unbranched alkyi groups, is, for example, cyclopentylidene, 
methylcyclopentylidene, dimethylcyclopentylidene, cyclohexyiidene, methylcyclohexylidene, 
dimethylcyclohexylidene, trimethylcyclohexylidene, tert-butylcyclohexylidene, cycloheptyl- 
idene or cyclooctylidene. Preference is given to cyclohexyiidene and 4-tert-butylcyclohexy- 
lidene. 



Particular preference is given to the compounds of the formula I in which 
X is a direct bond, oxygen, — ^^^^13^ ' ' 

— C — H — C , C2-Ci2alkylene or Ca-Ctaalkenylene, 

I I 
f^io Rio 

Ri, Ra, and R4 independently of one another are hydrogen, Ci-Ci8alkyl, Cs-CscycloalkyI, 
phenyl, benzyl, Ci-Cisalkoxy or -O-CN, with the proviso that at least one of the radicals Ri, 
R2, R3 or R4 is -O-CN, 

R5. R«, R7 and Ra independently of one another are hydrogen, Ci-Ci8alkyl, Cs-Cscycloalkyl, 
phenyl, benzyl, Ci-Ci8alkoxy or -O-CN, with the proviso that at least one of the radicals R5. 
Re, R7 or Re is -O-CN, and 

R9 and R10 independently of one another are hydrogen, Ci-CealkyI, trifluoromethyl or phenyl, 
or R9 and Rio, together with the carbon atom to which they are attached, form a 
Cs-Cecycloalkylidene ring. 

Examples of particularly preferred aromatic dicyanates of the formula I are the compounds 
of the formula la, lb, Ic, Id, le or If 
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The compound of the formula la is also referred to as BPC (bisghenol A dicyanate). The 
compounds of the formulae la to If are obtainable commercially under the following names: 
AroCy*B-10 (Rhone-Poulenc, compound of the fomiula la); AroCy* M-10 (Rhone-Poulenc, 
compound of the formula lb); AroCy* F-10 (Rhone-Poulenc, compound of the formula Ic); 
AroCy* L-10 (Rhone-Poulenc, compound of the formula Id); RTX* 366 (Rhone-Poulenc, 
compound of the formula le); and XU* 71787 (Dow Chemical Co., compound of the formula 
If). 
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Of particular interest are the aromatic dicyanates of the formula I in which 

Ri and R5 are hydrogen, 

Ra, R4, Re and Re are hydrogen or methyl, and 

R3 and R7 are -O-CN. 



Of specific interest are the compounds of the formula I In which 

X is a direct bond, ^^^X3^ ' ^""l"^^" — ? — — ? — 

Rio Rio 

R, is hydrogen, 

R2 is hydrogen or Ci-C4alkyl, 

R3 is -O-CN, 

R4 is hydrogen or Ci-C4alkyl, 
Rs is hydrogen, 
Re is hydrogen or Gi-C4alkyl, 
R7 is -O-CN, 

Rs is hydrogen or Ci-C4alkyl, and 

R9 and Rio independently of one another are hydrogen, methyl or trifluoromethyl. 

Very particular preference is given to the compounds of the formula i in which 

Xis R,-C-R,o . 

Ri and R2 are hydrogen, 
R3 is -O-CN, 

R4, R5 and Re are hydrogen, 

R7 is -O-CN, 

Rs is hydrogen, and 

R9 and Rio independently of one another are hydrogen or methyl. 



Partieularty preferred aromatic dicyanates are those of the fomnuta la and Id. 
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Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts and, in particular, from 0.05 to 1 part of tlie aromatic dicyanate 
are employed. 

Polyfunctional compounds from the class of the sterically hindered hydroxyphenyl-alkyl- 
phosphonic esters and monoesters have been disclosed, for example, in US-A-4 778 840 
and are, for example, compounds of the formula II 



in which 

R21 is isopropyl, tert-butyl. cyclohexyl or cyclohexyl which is substituted by 1 to 3 CrC+alkyI 
groups, 

R22 Is hydrogen, Ci-C4alkyl, cyclohexyl or cyclohexyl which is substituted by 1 to 3 C1-C4- 
alkyl groups, 

R23 is Ci-CzoalkyI, or unsubstituted or Ci-C4alkyl-substituted phenyl or naphthyl, 

R24 is hydrogen, Ci-CaoalkyI, unsubstituted or Ci-C4alkyl-substituted phenyl or naphthyl; or 



M'* is an r-valent metal cation, 
n is 1, 2. 3, 4, 5 or 6, and 
r is 1 , 2 or 3. 

Where substituents are aikyi having up to 20 carbon atoms, the relevant radicals are those 
such as methyl, ethyl, propyl, butyl, pentyl, hexyl and octyl. stearyi and corresponding 
branched isomers. A preferred definition of R23 and R24 is Ci-CtaalkyI, especially C-Caalkyl. 
e.g. C2-C4alkyl. 



HO 




(II) 
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Ci-C4alkyl-substituted phenyl or naphthyl, which preferably contains 1 to 3, especially 1 or 2 
alkyi groups, is, for example, o-, m- or p-methylphenyl, 2,3-climethylphenyl, 2,4-dimethylphe- 
nyl, 2,5-climethylphenyl, 2,6-dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2- 
methyl-6-ethylphenyl, 4-tert-butylphenyl, 2-ethylphenyl, 2,6-diethylphenyl, 1-methylnaphthyl, 
2-methylnaphthyl, 4-methylnaphthyl, 1 ,6-dimethylnaphthyl or 4-tert-butylnaphthyl. 

Ct-C4alkyt-substituted cyclohexyl, which preferably contains 1 to 3, especially 1 or 2 
branched or unbranched alkyI group radicals, is, for example, cyclopentyl, methyicyclopen- 
tyl, dimethylcyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcyclohexyl, trimethylcyclo- 
hexyl or tert-butylcyclohexyl. 

A mono-, di- or trivalent metal cation is preferably an alkali metal, alkaline earth metal, 
heavy metal or aluminium cation, for example Na*. K*, Mg**, Ca"", Ba*^, Zn** or Al***. Ca"^ 
is especially preferred. 

Preferred compounds of the formula II are those having at least one tert-butyl group as ra- 
dical R21 or R22. Very particular preference is given to compounds in which R21 and R22 are 
both tert-butyl. 

n is preferably 1 or 2, especially 1 . 

Very particularly preferred sterically hindered hydroxyphenyl-alkyl-phosphonic esters and 
monoesters are the compounds of the formulae Ma and lib. 




2 



(tla) 



The compound of the formula lla is obtainable commercially under the name lrganox*1222 
(Ciba-Geigy) and that of the formula lib under the name lrganox*1425 (Ciba-Geigy). 



- 18- 



Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts and, in particular, from 0.05 to 1 part of a sterically hindered hy- 
droxyphenyl-alkyl-phosphonic ester or monoester are employed. 

Polyfunctional compounds from the class of the diphosphonites are known, for example, 
from GB-A-2 247 241 and are, for example, compounds of the formula III 




in which 

Rait R32. R33. R34, R35. R38, R37. R38f R39 and R40 independently of one another are hydrogen 
or Ci-CaalkyI, 




Z is a direct bond, phenylene. oxygen, sulfur, -SO-, -SO2- or ^C=0 . 

AlkyI having up to 8 carbon atoms is a branched or unbranched radical such as. for 
example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, 
n-pentyl, isopentyl, 1 -methylpentyl, 1 ,3-dimethylbutyl, n-hexyt, 1-methylhexyl, n-heptyl, iso- 
heptyl, 1,1,3,3-tetramettiylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, tert-octyl or2-ethyl- 
hexyl. One of the preferred definitions of R31, R^, R33, R34, Ras, Rm, R37. R38. Raa and R40 is. 
for example, Ci-Csalkyl. especially Ci-C4alkyt, e.g. methyl or tert-butyl. 
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Preference is given to tlie compounds of formula lit in which at least two of the radicals R31, 
B32, Rsa, R34 and R35 and at least two of the radicals Raa, R37. Rssi R39 and R40 are hydrogen. 

Also of interest are the compounds of formula III, in which R32, R34, R35. R37. R39 and R40 are 
hydrogen. 



Particular preference is given to the compounds of the formula III in which 




and Z is a direct bond. 



Very particular preference is given to tetrakis(2,4-di-tert-butylphenyl) 4,4*-biphenylene-di- 
phosphonite (lrgafos*PEPQ, Ciba-Gelgy) of the formula Ilia 




Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts and, in particular, from 0.05 to 1 part of a diphosphonite are em- 
ployed. 

Compounds from the class of the secondary aromatic amines are known, for example, from 
R. Gachter and H. Muller, Hanser Verlag, "Plastics Additives Handbook, 3rd Ed.', page 44 
to 45 (1990) and are, for example, compounds of the formula IV 
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(IV) 



in which 

R41 is hydrogen or Ci-Czsalkyi, 

R42 is hydrogen, Ci-CasalkyI or benzyl, 

R43 is hydrogen. Ci-CasalkyI, C5-Ci2cydoalkyl. benzyl, a-methylbenzyl or a,a-dimethylbenzyl; 

or R42 and FU3 together form a divalent group R; 

R44 is hydrogen, Ci-C25alkyl or benzyl, 

R45 is hydrogen or Ci-Czsalkyl. 

R46 is hydrogen, Ci-CasalkyI or benzyl, 

R47 is hydrogen, Ci-Czsalkyi, C5-Ci2cycfoalkyl, benzyl, a-methylbenzyl, a,a-dimethylbenzyl or 



— N ; or R46 and R47 together fomi a divalent group R; 

R48 is hydrogen, Ci-Casallcyl or benzyl, 
R49 is hydrogen or Ci-Casalkyl. and 

Rso is Cs-Cizcycloalkyl, ^^1|^^^~R49 ^/C^"' 



AlkyI having up to 25 carbon atoms is a branched or unbranched radical such as, for 
example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl. tert-butyl, 2-ethy1butyl, 
n-pentyl. isopentyl, 1 -methylpentyl. 1 ,3-dimethylbutyl, n-hexyl. 1 -methylhexyl. n-heptyl. iso- 
heptyl, 1 ,1 ,3,3-tetramethylbutyl, 1-methylheptyl, 3-methylheptyI, n-octyl, 2-«thylhexyl. 1.1.3- 
trimethylhexyl, 1,1,3.3-tetramethylpentyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 
1,1,3,3,5.5-hexamethylhexyl, tridecyl, tetradecyl. pentadecyl, hexadecyl. heptadecyl, octa- 
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decyl, eicosyl or docosyl. One of the preferred definitions of R41, R42, R**, R45. R4e and R48 
is, for example, Ci-Ciealkyi, especially Ci-Ci2alkyl, e.g. C-Caalkyl. A preferred definition of 
R43 and R47 is, for example, Ci-CiaalkyI, especially Ci-Ci2alkyl, e.g. C4-Ci2alkyl. A particularly 
preferred definition of R43 and R47 is C4-Cioall<yl, especially C4-C8alkyl, e.g. tert-butyl or tert- 
octyt. 

Cs-CiacycloalkyI is, for example, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl 
or cyclododecyl. A preferred definition of R43, R47 and Rs© is, for example, Cs-CacydoalkyI, 
especially Cs-CTcycloalkyI, e.g. cyclohexyl. 

Particular preference is given to the compounds of the formula IV in which 

R41 and R42 independently of one another are hydrogen or Ci-Ciealkyl, 

R43 is hydrogen, Ci-CiaalkyI, Cs-Cscycloalkyi, benzyl, a-methylbenzyl or a,a-dimethy!benzyl; 



or R42 and R43 together form a divalent group R; 

R44, R45 and R46 independently of one another are hydrogen or Ci-CiaaikyI, 

R47 is hydrogen, Ci-Ci8alkyl, Cs-CacycloalkyI, benzyl, a-methylbenzyl, a,a-dimethylbenzyl or 

— ; or R4« and R47 together form a divalent group R^— [ — 

R48 and R49 independently of one another are hydrogen or Ci-Ciaalkyi, and 

R50 is Cs-Cacycloalkyl, ^^1^^^^ — "49 ^/^C^""** 



Of particular interest are the secondary aromatic amines of the fomiula IV, in which Rii, Rm, 
R45, R48 and R48 are hydrogen. 



Of specific interest are the compounds of the formula IV, in which 
R41 and R42 are hydrogen. 
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R43 is hydrogen, C^-Cizalkyl, cyclohexyl, benzyl, a-methylbenzyl or a,a-dimethylbenzyl; or 
FU2 and R43 together form a divalent group R— 
R44, R45 and R48 are hydrogen, 

R47 is hydrogen, C4-Ci2alkyl, cyclohexyl, benzyl, a-methylbenzyl, a,a-dimethylbenzyl or 
H 

/ 

— N 

\ 

R48 and R49 is hydrogen, and 

R50 is cyclohexyl, phenyl or p-naphthyl. 

Very particular preference is given to the secondary aromatic amines of formulae IVa. IVb, 
IVc, IVd, IVe and IVf. 



/ \ / \ 

H3C CH3 H3C CH3 R- = n-butyl orn-octyl 
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H 




C(CH3)3 



(IVe) 



H3C CH3 H3C CH3 



H 




(IVf) 



H 



An especially preferred secondary aromatic amine is tlie compound of the formula IVe [4,4'- 
di-tert-octyldipinenylamine, Irganox* 5057 (Ciba-Geigy)]. 

The compounds of the formula IV are known and some are commercially available or can 
be prepared as described in R. Gachter and H. Muller, Hanser Verlag, "Plastics Additives 
Handbook, 3rd Ed.." page 44 to 45 (1990) in analogy to the literature references cited 
therein. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts and, in particular, from 0.05 to 1 part of a secondary aromatic 
amine are employed. 

Difunctional epoxides in the context of this invention can have an aliphatic, aromatic, cyclo- 
aliphatlc, araliphatic or heterocyclic structure; they include epoxide groups as side groups, 
or these groups form part of an alicycllc or heterocyclic ring system. The epoxide groups are 
preferably attached as glycidyl groups to the remainder of the molecule by way of ether or 
ester linkages, or the compounds are N-glycidyl derivatives of heterocyclic amines, amides 
or imides. Epoxides of these types are generally known and commercially available. 

The epoxides contain two epoxide radicals, for example those of the fomnula V 
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— CH-CCHj.)— C CH (V). 

^61 ^62 ^63 

which are attached directly to carbon, oxygen, nitrogen or sulfur atoms and in which Rei and 
Res are both hydrogen, Rea is hydrogen or methyl and m is 0; or in which Rei and Res to- 
gether are -CH2CH2- or -CH2CH2CH2-, Rea is then hydrogen and m is 0 or 1 . 

Examples of epoxides are: 

1. Diglycidyt and dl(l3-methylglycidyl) esters obtainable by reacting a compound with two 
carboxyl groups in the molecule and epichlorohydrin and/or glycerol dichlorohydrin and/or 13- 
methylepichlorohydrin. The reaction Is expediently earned out in the presence of bases. 

As compounds of two carboxyl groups in the molecule, aliphatic dicarboxylic acids can be 
used. Examples of these dicarboxylic acids are glutaric acid, adipic acid, pimelic acid, su- 
beric acid, azelaic acid, sebacic acid or dimerlzed or trimerized linoleic acid. 

It is however also possible to employ cycloaliphatic dicarboxylic acids such as, for example, 
tetrahydrophthalic acid, 4-methyltetrahydrophthalic acid, hexahydrophthalic acid or 4-me- 
thylhexahydrophthalic acid. 

Furthermore, aromatic dicarboxylic acids, for example phthalic acid or isophthalic acid, can 
be used. 

2. Diglycidyl or di(3-methylglycidyl) ethers obtainable by reacting a compound with two free 
alcoholic hydroxyl groups and/or phenolic hydroxyl groups and a suitably substituted epi- 
chlorohydrin under alkaline conditions, or in the presence of an acidic catalyst with subse- 
quent alkali treatment. 

Ethers of this type are derived, for example, from acyclic alcohols, such as ethylene glycol, 
diethylene glycol and higher poly(oxyethylene) glycols, propane-1.2-diol.or poly(oxypropy- 
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lene) glycols, propane-1,3-cliol, butane-1 ,4-cliol, poly(oxytetramethylene) glycols, pentane- 
1 ,5-diol, hexane-1 ,6-diol, sorbitol, and from polyeplchlorohydrins. 

However, they are also derived, for example, from cycloaliphatic alcohols such as 1,3- or 
1 ,4-dihydroxycyclohexane, bis(4-hydroxycyclohexyl) methane, 2,2-bis(4-hydroxycyclohexyl)- 
propane or 1,1-bis(hydroxymethyl)cyclohex-3-ene, or they possess aromatic nuclei, such as 
N,N-bis(2-hydroxyethyl)aniline or p,p'-bis(2-hydroxyethylamino)diphenylmethane. 

The epoxides can also be derived from mononuclear phenols, such as, for example, from 
resorcinol, pyrocatechol or hydroquinone; or they are based on polynuclear phenols such 
as, for example, on 4,4'-dihydroxybiphenyl, bis(4-hydroxphenyl)methane, 2,2-bis(4-hydroxy- 
phenyl)propane, 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, 4,4'-dihydroxydiphenylsul- 
fone, 9,9'-bis{4-hydroxyphenyl)fluorene, or on condensation products of phenols with form- 
aldehyde that are obtained under acidic conditions, such as phenol novolaks. 

3. Di-(N-glycjdyl) compounds are obtainable, for example, by dehydrochlorination of the 
reaction products of epichlorohydrin with amines containing two amino hydrogen atoms. 
Examples of these amines are aniline, toluidine, n-butylamine, bis(4-aminophenyl)methane, 
m-xylylenediamine or bis(4-methylaminophenyl)methane. 

Also included among the dl(N-glycidyl) compounds, however, are N,N'-diglycidyl derivatives 
of cycloalkyleneureas, such as ethyleneurea or 1,3-propyleneurea, and N,N'-dlglycidyl deri- 
vatives of hydantoins such as of 5,5-dimethylhydantoin. 

4. Di(S-glycidyl) compounds, such as di-S-glycidyl derivatives derived from dithiols, such as, 
for example, ethane-1 ,2-dithiol or bis(4-mercaptomethylphenyl) ether. 

5. Epoxides with a radical of the formula V in which Reiand Res together are -CH2CH2- and 
m is 0 are, for example, bis(2,3-epoxycyclopentyl) ether, 2,3-epoxycyclopentyl glycidyl ether 
or 1 ,2-bis(2,3-epoxycyclopentoxy)ethane; an example of epoxides with a radical of the for- 
mula V in which Rei and Rio together are -CH2CH2- and m is 1 is (3',4'-epoxy-6*-methylcydo- 
hexyl)methyl 3 ,4-epoxy-6-methylcyclohexanecarboxylate . 
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Owing, for example, to their preparation process, the abovementioned difunctional epoxides 
may include small amounts of mono- or trifunctional fractions. 

Predominantly, use is made of diglycidyl compounds having aromatic structures. 

If desired, It is also possible to employ a mixture of epoxides of different structures. 

On the other hand, tri- and polyfunctional epoxides can be added supplementarily in order, 
if desired, to obtain branching. Examples of such epoxides are: 

a) liquid bisphenol A diglycidyl ethers, such as Araldtt'GY 240, Araldit*GY 250. Araldit*GY 
260, Araldit'GY 266, Araldit*GY 2600 or Araldit'MY 790; 

b) solid bisphenol A diglycidyl ethers, such as Araldit*GT 6071 , Araldit*GT 7071 . Araldit*GT 
7072, Araldlt*GT 6063, Araldit*GT 7203. Araldit'GT 6064, AraldifGT 7304. Araldit'GT 
7004, AraldifGT 6084. Araldit*GT 1999, Araldit*GT 7077, Araldit*GT 6097, Araldit^GT 
7097. Araldit*GT 7008, Araldit*GT 6099. Araldit*GT 6608. Araldit*GT 6609 or AraldifGT 
6610; 

c) liquid bisphenol F diglycidyl ethers, such as Araldit*GY 281. Araldit*GY 282. Araldif PY 
302, or Araldif PY 306; 

d) solid polyglycidy! ethers of tetraphenylethane. such as CG Epoxy Resin*0163; 

e) solid and liquid polygtyctdyl ethers of phenol-formaldehyde novolak such as EPN 1138, 
EPN 1 139. GY 1 180. PY 307; 

f) solid and liquid polyglycidy! ethers of o-cresol-formaldehyde novolak. such as EON 1235, 
ECN 1273. EON 1280. EON 1299; 

g) liquid glycidyl ethers of alcohols, such as ShelfGlycidylether 162, Araldit*DY 0390 or 
Araldif DY 0391 ; 
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h) liquid glycidyl esters of carboxylic acids, such as Sheli*Cardura E terephthalic ester, tri- 
mellitic ester, Ara!dit*PY 284 or mixtures of aromatic glycidyl esters, for example Araldlt*PT 
910; 

1) solid heterocyclic epoxy resins (triglycidyl isocyanurate) such as Araldit'PT 810; 

j) liquid cycloaliphatic epoxy resins such as AraldifCY 179. 

k) liquid N.N.O-triglycldyl etfiers of p-aminophenol, such as Araldit'MY 0510; 

I) tetragiycidyl-4-4'-methylenebenzamine or N,N,N',N"-tetrag[ycidyldiaminophenylmethane, 
such as Araldit'MY 720, AraldifMY 721. 

Particularly preferred difunctional epoxides are diglycidyl ethers based on bisphenois such 
as, for example, on 2,2-bis(4-hydroxyphenyi)propane (bisphenol A), bis(4-hydroxyphenyl)- 
suffone (bisphenol S) or mixtures of bis(ortho/para-hydroxyphenyl)methane (bisphenol F). 

Very particular preference is given to epoxides of the bisphenol A diglycidyl ether type, for 
example: Araldit*GT 6071 , GT 7071 , GT 7072, GT 6097 and GT 6099 or epoxides of the 
bisphenol F type, such as Araldit*GY 281 or PY 306. Of very special interest is an epoxide 
of the bisphenol A diglycidyl ether type, such as Araldit*GT 6071 , for example. 

Based on 100 parts of polycondensate, preferably from 0.01 to 5 parts, particularly prefe- 
rably from 0.02 to 2 parts and, in particular from 0.05 to 1 part of a difunctional epoxide are 
employed. 

The process can be carried out in any vessels which can be heated and are fitted with a 
stirring device. These may, for example, be closed apparatus from which atmospheric oxy- 
gen is excluded, worthing for example under an inert gas atmosphere such as nitrogen, or 
else with vacuum degassing. The process is preferably conducted in an extmder. 
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The polycondensate that is to be heated and the novel additives are usually charged to the 
apparatus at the beginning of heating; however, subsequent metered addition of the novel 
additives to the polycondensate is also possible, it being possible for the mixture of the 
additives or else the individual components to be added in any desired sequence. Heating 
at above the melting point or glass transition point is generally carried out until the novel 
additives are homogeneously distributed. Homogeneous distribution can take place, for 
example, by means of stirring or kneading in an extruder. The temperature here depends 
on the polycondensate used. In the case of crystalline polycondensates, it is preferred to 
operate in the range between melting point and a temperature about 50°C above the mel- 
ting point. In the case of amorphous polycondensates. the process is expediently carried 
out, for instance, in the region of SCC and ISCC above the respective glass transition 
temperature. 

For their addition, the novel additives can independently of one another be present in the 
form of a liquid, powder or granules, or in compacted form, or else on a substrate material, 
such as silica gel, together with a polymer powder or wax, for example a polyethylene wax, 
or as a concentrate, for example in a masterbatch. 

The amount of additives depends on the initial molecular weight of the polycondensate and 
on the desired final molecular weight. 

The novel process has the advantage that the increase in molecular weight and/or viscosity 
takes place within short reaction times, and the additives can be added in solid fonn. The 
novel process also has the advantage that the polycondensate undergoes no additional dis- 
coloration. The combination of (i) aromatic dicyanates with (ii) polyfunctional compounds 
selected from the class of the sterically hindered hydroxyphenyl-alkyl-phosphonic esters 
and monoesters, diphosphites and secondary aromatic amines leads synergistically to the 
build-up of the molecular weight of virgin polycondensate or polycondensate recyclate, with 
retention of the linear chain structure. 

In addition to the additives described above, stabilizers can be added to the polyconden- 
sate. These stabilizers are generally known to the skilled worker and are chosen depending 
on the specific requirements regarding the end product. In particular it is possible to add 
light stabilizers or else antioxidants {R. GSchter, H. Muller. Hanser Verlag. "Plastics Addi- 
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lives Handbook, 3rcl Ed.," especially pages 82 to 85 and 255 to 258 (1990)). Among these, 
those which may be mentioned as particularly suitable are: 

1 . Antioxidants 

1.1. Esters of p-f3.5-di-tert-butvl-4-hvdroxvphenyl)propionic acid with mono- or polyhydric 
alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1 ,6-hexanediol, 1,9- 
nonanediol, ethylene glycol, 1,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethy- 
lene glycol, triethylene glycol, pentaerythritol, trls(hydroxyethyl) isocyanurate, N,N'-bis(hy- 
droxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylol- 
propane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

1 .2. Esters of p-(5-tert-butvl-4-hvdroxv-3-methvlphenvnpropionic acid with mono- or poly- 
hydric alcohols, e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexane- 
diol, 1,9-nonanediol, ethylene glycol, 1 ,2-propanedlol, neopentyl glycol, thiodiethylene gly- 
col, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, 
N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, 
trimethylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

1 .3. Esters of p-(3.5-dicvclohexvl-4-hvdroxyphenvl)propionic acid with mono- or polyhydric 
alcohols, e.g. with methanol, ethanol, octanol, octadecanol, 1 ,6-hexanediol, 1 ,9-nonanediol, 
ethylene glycol, 1 ,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, 
triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocyanurate, N,N'-bis(hydroxyethyl)ox- 
amide, 3-thiaundecanol, 3-thtapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy- 
droxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

1 .4. Esters of 3.5-di-tert-butvl-4-hvdroxvDhenvl acetic acid with mono- or polyhydric alco- 
hols, e.g. with methanol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1 ,9-nonanedlol, 
ethylene glycol, 1 ,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, 
triethylene glycol, pentaerythritol, tris(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)ox- 
amide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethylolpropane, 4-hy- 
droxymethyl-1-phospha-2.6,7-trioxabicyclo[2.2.21octane. 
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1 .5. Amides of p-f3.5-di-tert-butvl-4-hvclroxvD henvnproDionic acid e.g. N,N'-bis(3,5-di-tert- 
butyl-4-hydroxyphenylpropionyi)hexamethylenediamide, N,N'-bis(3,5-di-tert-buty!-4-hydroxy- 
phenylpropionyl)trimethy!enediamide, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)- 
hydrazide, N,N'-bis[2-(3-[3,5-di-tert-butyl-4-hydroxyphenyl]propionyloxy)ethyl]oxamide 
(Naugard*XL-1 supplied by Uniroyai). 

I.S.TQCODherols . for example a-tocopherol, p-tocopherol, y-tocopherol, 5-tocopherol and 
mixtures thereof (vitamin E). 

Among these, preferred antioxidants are those of the type lrganox*1098 (N.N'-bis(3,5-di- 
tert-butyI-4-hydroxyphenylpropionyl)hexamethylenediamine) or lrganox*245 (ester of 3,5-di- 
tert-butyl-4-hydroxyphenyl acetic acid with triethylene glycol), preferably in combination with 
aromatic phosphites or phosphonites (see item 3). 

2. UV absorbers and liaht stabilisers 

2.1 ■ 2-(2'-HvdroxvDhenvnbenzotriazoles . for example 2-(2'-hydroxy-5'-methylphenyl)-benzo- 
triazole. 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(5'-tert-butyl-2'-hydroxyphe- 
nyl)benzotriazole, 2-(2'-hydroxy-5'-(1 .1 ,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-{3'.5'-di- 
tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole,2-(3'-tert-butyl- 2'-hydroxy-5'-methylphe- 
nyl)-5-chloro-benzotriazo!e, 2-(3'-sec-butyl-5'-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2- 
(2'-hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3',5'-di-tert-amyl-2'-hydroxyphenyl)benzotri- 
azole, 2-(3',5'-bis-(a,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, 2-(3'-tert-butyl-2'-hy- 
droxy-5'-(2-octyloxycarbonyiethyl)phenyl)-5-chloro-benzotriazole, 2-{3'-tert-butyi-5'-[2-(2- 
ethylhexyloxy)-carbonylethyl]-2"-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hy- 
droxy-5'-(2-methoxycarbony1ethyl)phenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy- 
5'-(2-methoxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-octyloxy- 
carbonylethyl)phenyl)benzotriazole, 2-(3'-tert-bi]tyl-5'-[2-(2-ethylhexyioxy)carbonylethyll-2'- 
hydroxyphenyl)benzotriazole,2-(3'-dodecyl-2'-hydroxy-5'-methylphenyl)benzotriazole.2.(3'- 
tert-butyl-2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenylbenzotriazole.2.2'-methyiene-bls- 
[4-(1 ,1 ,3,3.tetramethylbutyl)-6-benzotriazole-2-ylphenoll; the transesterification product of 2- 
[3'-tert-butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxyphenyll-2H-benzotriazolewithpolyethy- 
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lene glycol 300; [r-CHjCHj-COO-CH^CHj-^ where R = 3'-tert-butyl-4'-hydroxy-5'-2H- 

benzotriazol-2-ylphenyl, 2-[2*-hydroxy-3'-(a,a-dimethylbenzyl}-5'-(1 .1 .3,3-tetramethylbutyl)- 
phenyl]benzotriazole; 2-[2'-hydroxy-3'-(1 ,1 ,3,3-tetramethylbutyl)-5'-{a,a-dimethylbenzyl)- 
phenyl]benzotriazole. 

2.2. 2-HvdroxvbenzoDhenones . for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyl- 
oxy, 4-dodecyloxy, 4-benzyloxy, 4,2',4'-trihydroxy and 2'-hydroxy-4,4'-dimethoxy derivatives. 

2.3. Esters of substituted and unsubstituted benzoic acids , as for example 4-tertbutyl-phenyi 
salicylate, phenyl salicylate, octylphenyl salicylate, dibenzoyi resorcinol, bis(4-tert-butylben- 
zoyl) resorcinol, benzoyl resorcinol, 2,4-di-tert-butyiphenyl 3,5-di-tert-butyl-4-hydroxybenzo- 
ate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, octadecyl 3,5-di-tert-butyl-4-hydroxy- 
benzoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate. 

2.4. Acrvlates . for example ethyl a-cyano-p,p-d'Phenylacrylate, isooctyl a-cyano-p.p-diphe- 
nylacrylate, methyl a-carbomethoxycinnamate, methyl a-cyano-p-methyl-p-methoxy-cinna- 
mate, butyl a-cyano-p-methyl-p-methoxy-cinnamate, methyl a-carbomethoxy-p-methoxycin- 
namate and N-(P-carbomethoxy-p-cyanovinyl)-2-methylindoline. 

2.5. Nickel compounds , for example nickel complexes of 2,2'-thio-bis-[4-(1 ,1 ,3,3-tetrame- 
thytbutyl)phenoll, such as the 1:1 or 1 :2 complex, with or without additional ligands such as 
n-butylamine, triethanolamine or N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, 
nickel salts of the monoalkyi esters, e.g. the methyl or ethyl ester, of 4-hydroxy-3.5-di-tert- 
butylbenzylphosphonic acid, nickel complexes of ketoximes, e.g. of 2-hydroxy-4-methylphe- 
nyl undecylketoxime. nickel complexes of 1 -phenyl-4-lauroyl-5-hydroxypyrazole, with or 
without additional ligands. 

2.6. Stericallv hindered amines , for example bis(2,2,6.6-tetramethyl-4-piperidyl)sebacate, 
bis(2,2,6,6-tetramethyl-4-piperidyl)succinate, bis(1.2,2,6,6-pentamethyl-4-piperidyl)seba- 
cate, bis(1-octyloxy-2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(1 ,2.2.6, 6-pentamethyl-4-pi- 
peridyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzylmalonate, the condensate of 1 -(2-hydroxy- 
ethyl)-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid. linear or cyclic conden- 
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sates of N,N'-bis(2,2,6,6-tetramethyl-4-pipericlyl)hexamethylenecliamine and 4-tert-octylami- 
no-2,6-dichloro-1,3.5-triazine, tris(2,2,6.6-tetramethyl-4-piperidyl)nitrilotriacetate, tetrakis- 
(2.2.6,6-tetramethyl-4-piperidyl)-1 ,2,3,4-butane-tetracarboxylate, 1 .2-ethanediyl)-bis- 
(3,3,5,5-tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-stearyloxy- 
2,2,6,6-tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)-2-n-butyl-2-(2-hydroxy-3,5- 
di-tert-butylbenzyl)malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decan-2,4- 
dione, bis(1 -octyloxy-2,2,6,6-tetramethylpiperidyl)sebacate, bis(1 -octyloxy-2,2,6,6-tetrame- 
thylpiperidyl)succinate, linear or cyclic condensates of N,N'-bis-(2,2,6,6-tetramethyl-4-piperi- 
dyi)hexamethylenediamine and 4-morpliolino-2,6-dichloro-1 ,3,5-triazine, the condensate of 
2-chioro-4.6-bis(4-n-butylamino-2,2,6,6-tetramethylpiperidyl )-1 ,3,5-triazine and 1.2-bis(3- 
aminopropylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino-1 ,2,2,6,6-pen- 
tamethylpiperidyl)-1 ,3,5-triazine and 1,2-bis-(3-aminopropylamino)etliane, 8-acetyl-3-dode- 
cyl-7,7,9,9-tetrannethyl-1 ,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1 -{2,2,6,6-tetrame- 
thyl-4-piperidyl)pyrrolidin-2,5-dione, 3-dodecyl-1-(1 ,2,2,6,6-pentamethyl-4-piperidyl)pyrroll- 
dine-2,5-dione, a mixture of 4-hexadecyioxy- and 4-stearyloxy-2,2,6,6-tetramethylpiperidine, 
a condensation product of N,N'-bis{2,2,6,6-tetramethyl-4-piperidyl)hexamethylenedtamine 
and 4-cyclohexylamino-2,6-dichloro-1 ,3,5-triazine, a condensation product of 1 ,2-bis(3-ami- 
nopropylamino)ethane and 2,4,6-tricfiloro-1 ,3,5-triazine as well as 4-butylamino-2,2,6,6-te- 
tramethylpiperidine (CAS Reg. No. [136504-96-6]); N-(2,2,6,6-tetramethyl-4-piperidyl)-n-do- 
decylsuccinimid, N-(1 ,2,2,6,6-pentamethyl-4-piperidyl)-n-dodecylsuccinimid, 2-undecyl- 
7,7,9,9-tetramethyl-1-oxa-3,8-diaza-4-oxo-spiro[4,53decane, a reaction product of 7,7,9,9- 
tetramethyl-2-cycloundecyl-1-oxa-3,8-diaza-4-oxospiro [4,5]decane und epicfilorohydrin. 
1 ,1 -bis(1 ,2,2,6,6-pentamethyl-4-piperidyloxycarbonyl)-2-(4-methoxyphenyl)ethene, N,N'-bis- 
fomiyl-N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethytenediamine, diester of 4-methoxy- 
methylene-malonic acid with 1 ,2,2,6,6-pentamethyl-4-hydroxypiperidine, poly[methytpropyl- 
3-oxy-4-(2,2,6,6-tetramethyl-4-plperidy1)]slloxane, reaction product of maleic acid anhydrlde- 
a-olefin-copolymer with 2,2,6,6-tetramethyl-4-aminopiperidine or 1 ,2,2,6,6-pentamethyl-4- 
aminopiperidine. 

2.7. Oxamides . for example 4,4'-dioctyloxyoxanitide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy- 
5,5'-di-tert-butoxanilide, 2,2'-didodecyloxy-5,5'-di-tert-butoxanilide, 2-ethoxy-2'-ethyloxanl- 
lide, N.N'-bis(3-dimethylaminopropyl)oxamide, 2-ethoxy-5-tert-butyl-2'-8thoxanilide and its 
mixture with 2-ethoxy-2'-ethyl-5,4'-di-tert-butoxanilide, mixtures of o- and p-methoxy-disub- 
stituted oxaniiides and mixtures of o- and p-ethoxy-disubstituted oxaniiides. 
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2.8. 2-f2-Hvdroxvohenvn-l .a.S-triazines . for example 2,4.6-tris(2-hydroxy-4-octyloxyphenyl)- 
1 .3.5-triazine. 2-(2-hydroxy-4-octyloxyphenyl)-4.6-bis(2.4-dimethylphenyl)-1 ,3,5-triazine, 2- 
(2.4-dihydroxyphenyl)-4.6-bis(2,4-dimethylphenyl)-1,3,5-triazine. 2.4-bis(2-hydroxy-4-pro- 
pyloxyphenyl)-6-(2.4-dimethylphenyl)-1 .3.5-triazine, 2-(2-hydroxy-4-octyloxyphenyl)-4.6-bis- 
(4-methylphenyi)-1,3,5-triazine. 2-(2-hydroxy-4-dodecyloxyphenyl)-4,6-bjs(2.4-dimethylphe- 
nyl)-1 , 3.5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5-tri- 
azine, 2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-propoxy)phenyl]-4,6-bis(2.4-dimethyl)-1.3,5-tri- 
azine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxy-propyloxy)phenyl]-4,6-bis(2,4-dimethyl)-1 , 3.5- 
triazine. 2-[4-(dodecyloxy/tridecyloxy-2-hydroxypropoxy)-2-hydroxy-plienyl]-4,6-bis(2.4-di- 
methylphenyl)-1.3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-dodecyloxy-propoxy)phenyn-4,6- 
bis(2,4-dimethylphenyl)-1 .3,5-triazine, 2-(2-hydroxy-4-hexyloxy)phenyl-4.6-diphenyl-1 ,3,5- 
triazine, 2-(2-hydroxy-4-methoxypiienyl)-4,6-diphenyl-1 ,3,5-triazine, 2,4,6-trisI2-hydroxy-4- 
(3-butoxy-2-iiydroxy-propoxy)phenyl]-1,3.5-triazine.2-(2-hydroxyplienyl)-4-(4-methoxyphe- 
nyi)-6-phenyl-1 ,3.5-triazine, 2-{2-hydroxy-4-[3-(2-ethylhexyl-1 -oxy)-2-hydroxypropyloxy]phe- 
ny!}-4.6-bis(2,4-dimetliylplienyl)-1,3,5-triazine. 

3. Phosphites and Dhosohonites . for example triphenyl phosphite, diphenyl allcyl phosphites, 
phenyl dialkyi phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phos- 
phite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl 
pentaerythritol diphosphite. bis(2,4-di-tert-butylphenyl) pentaerythritol diphosphite, bis(2,6- 
di-tert-butyl-4-methylphenyl)-pentaerythritol diphosphite. diisodecyloxypentaerythritol di- 
phosphite, bis(2,4-di-tert-butyl-6-methylphenyt)pentaerythritol diphosphite, bis(2,4.6-tris(tert- 
butylphenyl)pentaerythritol diphosphite, tristearyl sorbitol triphosphite, tetrakis(2,4-di-tert-bu- 
tylphenyt) 4.4'-biphenylene diphosphonite. 6-isooctyloxy-2.4,8.lO-tetra-tert-butyl-l2H-di- 
benz[d.g]-1.3.2-dioxaphosphocin, 6-fluoro-2.4,8,10-tetra-tert-butyl-12-methyl-dibenz[d,g]- 
1 .3,2-dioxaphosphoGin, bis(2,4-di-tert-butyi-6-methylphenyl) methyl phosphite, bis(2.4-di- 
tert-butyl-6-methylphenyl) ethyl phosphite, 2.2",2"-nitrilo[triethyltris(3,3'.5,5'-tetra-tert-butyl- 
1 ,1 ■-biphenyl-2.2'-diyl)phosphite]. 2-ethylhexyl(3.3',5,5'-tetra-tert-butyl-1 .1 •-biphenyl-2,2'-di- 
yl)phosphite. 

Especially preferred are the following phosphites: 
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Tris{2,4-di-tert-butylphenyl) phosphite (lrgafos*168, Ciba-Geigy), tris(nonylphenyl) phos- 
phite, 




C(CH3)3 (CH3)3C 



C(CH3)3 <CH3)3C 
C(CH3)3 {CH^:P 
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^3 (G) 



Very particular preference is given to tris(2,4-di-tert-butylphenyl) phospliite [lrgafos*168, 
Ciba-Geigy], bis(2,4-di-tert-butyl-6-nfiethylphenyI) ethyl phosphite {lrgafos*38, Ciba-Geigy, 
formula (G)] and 2,2',2"-nitrilo[triethyl tris(3,3',5,5'-tetra-tert-butyl-1 ,1'-biphenyl-2.2'-diyl) 
phosphite [lrgafos*12, Ciba-Geigy, formula (B)]. 

4. Polvamide stabilisers , for example, copper salts in combination with iodides and/or phos- 
phorus compounds and salts of divalent manganese. 

5. Fillers and reinforcing acents . for example, calcium carbonate, silicates, glass fibres, 
glass bulbs, asbestos, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, car- 
bon black, graphite, wood flour and flours or fibers of other natural products, synthetic fi- 
bers, 

6. Other additives , for example, plasticisers, lubricants, emulsifiers, pigments, rheology 
additives, catalysts, flow-control agents, optical brighteners, flameproofing agents, antistatic 
agents and blowing agents. 

The additional additives and/or stabilizers are added to the polycondensate in concentra- 
tions, for example, of from 0.01 to 10 %, based on the overall weight of the polycondensate. 

Among such additions, preference is given to light stabilizers from classes 2.1 , 2.6 and 2.7, 
for example light stabilizers of the type Chimassorb*944, Chimassorb*119, Tinuvin*234, 
Tinuvin*312. Tinuvin*622 or Tinuvin*770. Preference is also given to aromatic phosphites or 
phosphonites. 



-36- 



Where the polycondensate is a recyclate, it can also be employed mixed with virgin material 
or together with virgin material, for example in a coextrusion process. 

The invention additionally provides for the use of an aromatic dicyanate for increasing the 
molecular weight and/or viscosity of virgin polycondensate or polycondensate recyclate. 

The invention also provides for the use of a mixture comprising an aromatic dicyanate and, 
in addition, at least one polyfunctional compound selected from the class of the stericaliy 
hindered hydroxyphenyl-alkyl-phosphonic esters and monoesters, diphosphonites and se- 
condary aromatic amines for increasing the molecular weight and/or viscosity of virgin poly- 
condensate or polycondensate recyclate. 

The present invention also provides for the use of a mixture comprising (i) an aromatic di- 
cyanate, (ii) at least one polyfunctional compound selected from the class of stericaliy hin- 
dered hydroxyphenyl-alkyl-phosphonic esters and monoesters, diphosphonites and secon- 
dary aromatic amines, and (ill) a difunctional epoxide for Increasing the molecular weight 
and/or viscosity of virgin polycondensate or polycondensate recyclate. 

The preferences regarding the use correspond to those for the process. 

The invention provides, furthermore, a composition comprising (a) a virgin polycondensate 
or polycondensate recyclate or a mixture thereof, and (b) an aromatic dicyanate. 

The invention additionally provides a composition comprising (a) a virgin polycondensate or 
polycondensate recyclate or a mixture thereof, (b) an aromatic dicyanate, and (c) at least 
one polyfunctional compound selected from the class of the stericaliy hindered hydroxyphe- 
nyl-alkyl-phosphonic esters and monoesters, diphosphonites and secondary aromatic 
amines. 

The present invention additionally provides a composition comprising (a) a virgin polycon- 
densate or polycondensate recyclate or a mixture thereof, (b) an aromatic dicyanate, (c) at 
least one polyfunctional compound selected from the class of the stericaliy hindered 
hydroxyphenyl-alkyl-phosphonic esters and monoesters, diphosphonites and secondary 
aromatic amines, and (d) a difunctional epoxide. 
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The preferences regarding the compositions correspond to those for the process. 

The invention further provides, in addition, polycondensates obtainable by the novel pro- 
cess. 

The examples which follow illustrate the invention in more detail without limiting it thereto. 
As in the rest of the description, parts and percentages are by weight unless stated other- 
wise. 

Example 1 : Increasing the molecular weight and/or viscosity of polyamide 6. 

In a Plasticorder from Brabender with a W 50 mixing chamber, a polyamide 6 (Dure- 
than*B30 S from Bayer) is processed under nitrogen at a temperature of 235°C and at 40 
revolutions/minute with the additives indicated in Table 1 . The torque of the polyamide is 
determined after 6 and 15 minutes. The larger the number, the higher the molecular weight. 
After 15 minutes the melt Index (MFR) is measured (at 235»C under 2.16 kg in accordance 
with ISO 1133). A large increase in the melt index denotes severe chain degradation, and 
thus a reduction in molecular weight. The results are compiled in Table 1 . 
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Table 1 : 



Example 


Additives 


Torque [Nm] after 


Melt 
index 




6 min. 


15 min. 






3.4 


3.4 


43.7 


1b* 


0.50 % Araldit'GT 6071 


4.7 


4.9 


23.8 


1c 


0.25 % BPC''> 


5.4 


5.0 


22.5 


Id 


0.50 % BPC''* 


6.1 


5.3 


17.5 


1e 


0.75 % BPC"' 


7.2 


7.1 


14.3 


If 


1.00 %BPC'** 


8.3 


7.7 


12.2 


ig 


0.50 % BPC"' 

0.50 % lrganox*1222*'* 


7.8 


7.8 


12.0 


1h 


1 .00 % BPC"' 
1.00% lrganox*1425*^ 


10.4 


10.5 


7.8 


1i 


1.00%BPC'*> 

0.50 % Irgafos* PEPQ"' 


9.2 


8.0 


11.1 


Ik 


0.50 % BPC"' 

0.50 % lrganox'5057^ 


6.6 


6.8 


12.1 


11 


1.00% BPC"' 

0.50 % lrganox*5057'^ 


11.0 


10.0 


7.7 


1m 


0.50 % BPC"^ 
0.50% lrganox*1222'=' 
0.50 % Araldit*GT 6071 


9.4 


10.1 


7.5 



a) Araldit*GT 6071 (Ciba-Geigy) is bisphenol A diglycidyl ether with an epoxide number of 
2.15-2.22 eq/kg and a softening range of 70-75''C. 



b) BPC Is bisphenol A dicyanate and is a compound of the formula la 
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O-CN (la) 



c) lrganox*1222 (Ciba-Geigy) is a compound of the formula lla 



(CH3)3C 




^^-y_J^'^^—P—OCH/^H, (lla) 
{CH^^C OCH2CH3 



d) lrganox*1425 (Ciba-Geigy) is a compound of the fomiula lib 



{CH3)3C 



. (CH3)3C 




CH,- 



OCKjCHg 



(lib) 



e) lrgafos*PEPQ (Ciba-Geigy) is a compound of the fomiula Ilia 




f) lrganox*5057 (Ciba-Geigy) is 4,4'-di-tert-octyldiphenylamine and is a compound of the 
fomnula IVe 
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g) Comparison examples 

Example 2 : Increase in molecular weight and/or viscosity of polyamide 6.6. 

In a TW 200 twin-screw extruder from Haake, a polyamide 6.6 (Durethan*A 30 S from 
Bayer) is processed at a temperature of 290*'C and 40 revolutions/minute with the additives 
indicated in Table 2. After 15 minutes the melt index (MFR) is measured (at 275''C under 
2.16 kg in accordance with ISO 1133). A large increase in the melt index denotes severe 
chain degradation and thus a reduction in molecular weight, and a large decrease in the 
melt index denotes an increase in molecular weight. The results are compiled in Table 2. 



Table 2: 



Example 


Additives 


Melt index [g/10 min] 


2a'« 




63.0 


2b 


0.50%AroCy»B-10*' 


36.0 


2c 


0.50%AroCy*L-10'*> 


22.0 


2d 


0.50%AroCy*B-10" 
0.25%lrganox*1425'=> 


30.0 
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a) AroCy*B-10 (Rhone-Poulenc) is a compound of formula la 



(la) 



b) AroCy*L-10 (Rhone-Pouienc) is a compound of fomiula Id 



CN (Id) 



c) lrganox*1425 (Clba-Geigy) is a compound of fomnula lib 



(CH3)3C 

HO 




I 

OCH2CH3 



Ca^* (lib) 



I Comparison example. 



2^. // 

^ S.I. ^-^-^ 



WHAT IS CLAIMED IS: 

1. A process for Increasing the molecular weight and/or viscosity of a polyamide, a poly- 
ester, a polycarbonate or a copolymer of these polymers which remain thermoformable after 
the process, which comprises heating a polyamide, a polyester, a polycarbonate or a copo- 
lymer of these polymers, with addition of at least one aromatic dicyanate, at above the mel- 
ting point or glass transition point of the polyamide, polyester, polycarbonate or copolymer of 
these polymers. 

2. A process according to claim 1 , wherein at least one polyfunctional compound selected 
from thI'pwHIo'f the sterically hindered hydroxyphenyl-alkyl-phosphonic esters and 
monoesters,* diphosphonites and secondary aromatic amines is additionally employed. 

3. A process according to claim 2, wherein at least one difunctional epoxide is additionally 
employed. 

4. A process according to claim 1 , wherein the polyamide, polyester, polycarbonate or a 
copolymer of these polymers is a polyamide-, a polyester-, a polycarbonate- or a copolymer 
of these polymers-recyclate. 

5. A process according to claim 1 , wherein the aromatic dicyanate is a compound of the 
formula I 




R4 Rs 



In which 
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X is a direct bond, oxygen, sulfur, -SO-, -SO2-, 




C- 




Rq 
I 

■C — , Ca-Cisalkylene, Ca-Ciealkenylene or N— 



^0 



R. 



Ri, R2, R3 and R4 independently of one another are hydrogen, Ci-Czsalkyi, Cg-Cizcycloalkyl, 

unsubstituted or Ci-C4alkyl-substituted phenyl; Cy-CgphenylalkyI, hydroxy!, Ci-Casalkoxy or 

-O-CN, with the proviso that at least one of the radicals Ri, R2, R3 and R4 is -O-CN, 

R5, Re, R7 and Re independently of one another are hydrogen, Ci-Casaikyl, Cs-CiacycloalkyI, 

unsubstituted or Ci-C4alkyl-substituted phenyl; Cy-CgphenylalkyI, hydroxyl, d-Czsalkoxy or 

-O-CN, with the proviso that at least one of the radicals R5, Re, Ryand Re is -O-CN, 

Rg and Rio independently of one another are hydrogen, Ci-CiaalkyI, trifluoromethyl or phenyl, 

or Rg and Rio, together with the carbon atom to which they are attached, form a 

Cs-Cacycloalkylidene ring which is unsubstituted or is substituted by 1 to 3 Ci-C4alkyls; and 

R11 is hydrogen or Ci-Ci2alkyl. 

6. A process according to claim 5, wherein 



C2-Ci2alkylene or C2-Ci2alkenylene, 

Ri, R2, R3 and R4 independently of one another are hydrogen, Ci-Ciaalkyl, Cs-CscycloalkyI, 
phenyl, benzyl, CrCisalkoxy or -O-CN, with the proviso that at least one of the radicals Ri, 
R2, Ra or R4 is -O-CN, 

R5, Re, R7 and Rs independently of one another are hydrogen, Ci-Cisalkyl, Cs-Cecycloalkyl, 
phenyl, benzyl, Ci-Cisalkoxy or -O-CN, with the proviso that at least one of the radicals R5, 
Re, R7 or Re is -O-CN, and 

Rg and R10 independently of one another are hydrogen, d-Csalkyl, trifluoromethyl or phenyl, 
or Rg and Rio, together with the carbon atom to which they are attached, form a Ce-Cecyclo- 
alkylidene ring. 
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7. A process according to claim 5, wherein 
R, and R5 are hydrogen, 

R2, R4, Re and Rs are hydrogen or methyl, and 
R3 and R7 are -O-CN. 

8. A process according to claim 5, wherein 



Ri is hydrogen, 

R2 is hydrogen or Ci-C4alkyl, 

R3 is -O-CN, 

R4 is hydrogen or Ci-C4alkyl, 
R5 is hydrogen, 
Re is hydrogen or Ci-C4alkyi, 
R7 is -O-CN, 

Rs is hydrogen or Ci-C4all<yi, and 

Rg and R10 independently of one another are hydrogen, methyl or trifluorom ethyl. 

9. A process according to claim 5, wherein 

I 

Xts Rg— C— , 

Ri and R2 are hydrogen, 
R3 is -O-CN, 

R4, R5 and Re are hydrogen, 

R7 is -O-CN, 

Rs is hydrogen, and 

Rg and R,o independently of one another are hydrogen or methyl. 

10. A process according to claim 2, wherein the polyfunctional compound|from the cIqoo of ) 
Wsterically hindered hydroxyphenyl-alkyl-phosphonic ester^ aft4monoester^h^ 

t eompound^ of the formula II 



X is a direct bond, 




1.-C-R1 



^0 



or — I 




'10 
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in which 

R21 is isopropyl, tert-butyl, cyclohexyl or cyciohexyl which is substituted by 1 to 3 Ci-C4ali<yi 
groups, 

R22 is hydrogen, Ci-C4ail<yl, cyclohexyl or cyclohexyl which Is substituted by 1 to 3 Ci-C4alkyl 
groups, 

R23 is Ci-C2oalkyl, or unsubstituted or C,-C4alkyl-substituted phenyl or naphthyl, 

R24 is hydrogen, Ci-C2oalkyl, unsubstituted or Ci-C4alky1-substituted phenyl or naphthyl; or 



IS 



M'* is an r-valent metal cation, 
n is 1, 2, 3, 4, 5 or 6, and 
r is 1, 2 or 3. 

L-JLA a 

11. A process according to claim 2, wherein the polyfunctional compound from the claoo of I 
I^Msterically hindered hydroxyphenyl-alkyl-phosphonic ester^ an#monoester^|&^ 
f- eomp o un e^of the formula Ila or lib 



(CH3)3C 
HO 
(CH3)3C 




^\ // OH — P— OCH2CH3 



(CH3)3C 



. (CH3)3C 




(Ila) 



(lib) 



12. A process according to claim 2, wherein the polyfunctional compound If+oiii the cta3»-©^ 
jtt^diphosphonite^ j a &o mp ouno j|of the formula III 



^32 /^31 
R34 



-P Y P--' 



R40 R39 



(III) 



in which 

R31, R32, R33, R34. R35. R36, R37. Rsa, R39 and R40 independently of one another are hydrogen 
or Ci-CsalkyI, 



Y is 1,4-phenylene, 1 ,3-phenyiene, 



Z is a direct bond, phenylene, oxygen, sulfur, -SO-, -SO2- or C=0 



13. A process according to claim 2, wherein the polyfunctional compound ^ruiirtliu clu(»t. ol| 
Hh^ diphosphonite^j p a oempotinc ^of the formula Ilia 



C(CH3)3 



(CH3)3C- 



C(CH3). 



(Ilia) 



14. A process according to claim 2, wherein the polyfunctional compoundf f r o m tho - siaoo o^ 
1^41^ secondary aromatic amine^j s a compe>uft<| |of the formula IV 
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in which 

R41 is hydrogen or Ci-Casaikyl, 

R42 is hydrogen, Ci-C25alkyl or benzyl, 

R43 Is hydrogen, Ci-C25alkyl, Cg-Cigcycloalkyl, benzyl, a-methylbenzyl or a,a-dimethylbenzyl; 



or R42 and R43 together form a divalent group r— 



R44 is hydrogen, CrCasalkyl or benzyl, 

R45 is hydrogen or CrCasalkyi, 

R46 is hydrogen, Ci-CasalkyI or benzyl, 

R47 is hydrogen, Ci-C25all<yl, Cs-Ciacycloalkyl, benzyl, a-methylbenzyl, a,a-dlmethylbenzyl or 
H 

/ 

— ; or R46 and R47 together form a divalent group r_ 

Rivi 



R4e is hydrogen, Ci-Casalkyi or benzyl, 
R49 is hydrogen or Ci-CasalkyI, and 



R50 is C5-Ci2cycloalkyl, || — I— R^g or 1_ l] ^ 



15. A process according to claim 2, wherein the polyfunctlonai compound i r o n i II ib cH tat es^ 



jrth^ secondary aromatic amine ^G a oomp o undl of the formula IVe 
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16. A process according to claim 3, wherein the difunctiona! epoxide is a compound which 
contains epoxide radicals of the formula V 




(V) 



which are attached directly to carbon, oxygen, nitrogen or sulfur atoms and In which Rgi and 
Rea are both hydrogen, Rea is hydrogen or methyl and m is 0; or in which Rei and Res to- 
gether are -CH2CH2- or -CH2CH2CH2-, Rea is then hydrogen and m is 0 or 1 . 

17. A process according to claim 3, wherein the difunctional epoxide Is bisphenol A diglyci- 
dyl ether or bisphenol F diglycidyl ether. 



18. A process according to claim 1 , wherein from 0.01 to 5 parts by weight of the aromatic 
dicyanate are employed per 100 parts by weight of a polyamlde, a polyester, a polycarbo- 
nate or a copolymer of these polymers. 

19. A process according to claim 2, wherein from 0.01 to 5 parts by weight of the polyfunc- 
tional compound are employed per 100 parts by weight of a polyamide, a polyester, a poly- 
carbonate or a copolymer of these polymers. 



20. A process according to claim 3, wherein from 0.01 to 5 parts by weight of the difunctio- 
nal epoxide are employed per 100 parts by weight of a polyamide, a polyester, a polycarbo- 
nate or a copolymer of these polymers. 
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A process according to claim 1 , wherein the polycondensate is a polyamide, a polyester, 
a polycarbonate or a copolymer of these polymers. 

A 

22. A process according to claim wherein the polyamide Is a polyamide 6 or polyamide 
6.6 or a corresponding recyclate or copolymer thereof. 

A 

23. A process according to claim wherein the polyester is a polyethylene terephthalate 
or polybutylene terephthalate or a corresponding recyclate or copolymer thereof. 

24. A process according to claim 1 , wherein the polymer is a polybutylene terephthalate/po- 
lycarbonate blend or a blend comprising predominantly polybutylene terephthalate/polycar- 
bonate or a corresponding recyclate or a blend of a recyclate and a virgin polymer compo- 
nent. 

5fSC The use of an aromatic dicyanate for increasing the molecular weight and/or viscosity of 
virgin polycondensate or polycondensate recyclate. 

The use of a mixture comprising an aromatic dicyanate and, in addition, at least one 
polyfunctional compound selected from the class of sterlcally hindered hydroxyphenyl-alkyl- 
phosphonic esters and monoesters, diphosphonites and secondary aromatic amines for 
increasing the molecular weight and/or viscosity of virgin polycondensate or polycondensate 
recyclate. 

>f. The use of a mixture comprising (i) an aromatic dicyanate, (ii) at least one polyfunctional 
compound selected from the class of sterlcally hindered hydroxyphenyl-alkyl-phosphonic 
esters and monoesters, diphosphonites and secondary aromatic amines, and (Hi) a di- 
functional epoxide for increasing the molecular weight and/or viscosity of virgin polyconden- 
sate or polycondensate recyclate. 

28. A composition comprising 

a) a polyamide, a polyester, a polycarbonate or a copolymer of these polymers, 

b) an aromatic dicyanate, and 
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c) at least one polyfunctional compound selected from the ( slas ejof the sterically 
hindered hydroxyphenyl-alkyl-phosphonic esters and monoesters; diphosphonites 
and secondary aromatic amines. 

A composition according to claim 28 additionally comprising (c) at least one polyfunc- 
tional compound selected from the class of the sterically hindered hydroxyphenyl-alkyl- 
phosphonic esters and monoesters, diphosphonites and secondary aromatic amines. 

30. A composition according to claim 28 additionally comprising (d) a difunctional epoxide. 

31. A polycondensate obtained by a process according to claim 1 . 
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By heating at above the melting point and/or glass transition point of the polycondensate 
and adding an aron:iatlc dicyanate; or adding a mixture comprising an aromatic dicyanate 
and a polyfu notional compound selected from the class of sterically hindered hydroxyphe- 
nyl-alkyl-phosphonlc esters and monoesters, diphosphonites and secondary aromatic 
amines; or adding a mixture comprising (i) an aromatic dicyanate, (ii) at least one poiyfunc- 
tlonai compound selected from the class of sterically hindered hydroxyphenyl-alkyl-phos- 
phonic esters and monoesters, diphosphonites and secondary amines, and (Hi) a difunc- 
tional epoxide. It Is possible to bring about an Increase in the molecular weight and/or vis- 
cosity of virgin polycondensate and polycondensate recyclates. 
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